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Nuclear Ship Savannah 


Design Type: P2-N1-MA40a 
Official Number: AP-110/ T-AP-110 - MSTS and later MSC 
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PRINCIPLE CHARACTERISTICS CONCEIVED AS PART OF PRESIDENT DWIGHT D. 5 
EISENHOWER'S ATOMS FOR PEACE _ INITIATIVE, THE = 
N.S. SAVANNAH WAS THE WORLD'S FIRST ra 
BUILDER: NEW YORK SHIP- NUCLEAR-POWERED MERCHANT SHIP ENTERED INTO 
BUILDING CORP. SERVICE IN 1962. INTENDED TO BE AN 
BUILT: 1958 INTERNATIONAL AMBASSADOR FOR THE PEACEFUL 
a USE OF NUCLEAR POWER, THE SHIP WAS DESIGNED AS 
LOA: 999 © A PASSENGER/CARGO SHIP THAT COULD 
BEAM: 78'-0 DEMONSTRATE THE SAFETY AND RELIABILITY OF THIS 
DRAFT: 29'-6" NEW TECHNOLOGY IN BOTH ROLES, AND IT WAS 
SPEED: 21 KNOTS Se ~—sCNNE'VER EXPECTED TO BE PROFITABLE. DESIGN 
(ET ale aeamemenal "| COMPROMISES MADE TO ENHANCE ITS SLEEK 
PROPULSION: GEARED STEAM : ER, APPEARANCE AND PROVIDE FIRST-CLASS 
TURBINE, ee ACCOMMODATIONS FOR 60 PASSENGERS, SEVERELY 
20,00-SHAFT HAMPERED ITS EFFICIENCY AS A CARGO VESSEL, AS 
HORSEPOWER SINGLE DID THE INCLUSION OF MANY REDUNDANT DEVICES, ; 
= SYSTEMS AND COMFORTS NOT USUALLY FOUND ON = 
ROPELLER FREIGHTERS, SUCH AS AIR CONDITIONING AND FIN : 
TONNAGE: 15,599 (GRoss) STABILIZERS TO REDUCE ROLLING IN HEAVY SEAS. =z 
Zi 
7.513 (NET) | | . ae — ree BY STATES MARINE ne AND AMERICAN 2! 
Fn en EXPORT ISBRANDTSEN LINES, THE SAVANNAH = 
| | | ; >e 
DISPLACEMENT: c!,800 TONS sia AMERICAN EXPORT SUCCESSFULLY DEMONSTRATED THE TECHNICAL a. 
(FULL LOAD) | , ISBRANDTSEN LINES FEASIBILITY OF NUCLEAR PROPULSION FOR MERCHANT ae 
10,000 TONS — pire : SHIPS. A: 
DEADWEIGHT | a le GENERAL AGENT FOR’N.S. SAVANNAH. OPERATIONS oo 
C | : 5 ) a | ) a on ee SAILING MORE THAN 450,000 MILES TO 32 ne 
OMPLEMENT: 0 FASSENGERS DOMESTIC AND 45 FOREIGN PORTS BETWEEN 1962 OF 
25 OFFICERS NUCLEAR SHIP SAVANNAH, CIRCA 1958 (IMAGE OBTAINED FROM U.S. MARITIME ADMINISTRATION) AND 1971, THE SAVANNAH, NOT ONLY PERFORMED Zz 
84 CREW as EXCEPTIONALLY WELL, BUT THIS INTRODUCTION OF : 
15 OTHER Ste ee eee ’ | NEW TECHNOLOGY RESULTED IN THE ESTABLISHMENT < 


OF A FORMAL NUCLEAR-SHIP TRAINING PROGRAM FOR 
CIVILIAN DECK AND ENGINEERING DEPARTMENT 
CREWS, PROCEDURES FOR ENTERING DOMESTIC AND 
FOREIGN PORTS, AND A WORKING AGREEMENT 
BETWEEN THE ATOMIC ENERGY COMMISSION, THE U.S. 
MARITIME ADMINISTRATION, AND A COMMERCIAL 
SHIPPING LINE. IN ADDITION, THE SHIP'S NINE-YEAR 
TOUR IDENTIFIED A NUMBER OF ISSUES UNIQUE TO 
COMMERCIAL NUCLEAR SHIPS, INCLUDING PAY SCALES 
AND LIABILITY, WHICH WOULD REQUIRE SOLUTIONS TO 
MAKE A FLEET OF SUCH VESSELS VIABLE. 


Scie ee 


« 


THE PROJECT WAS SPONSORED BY THE U.S 
MARITIME ADMINISTRATION AND PREPARED UNDER 


THE DIRECTION OF TODD CROTEAU (HAER MARITIME 
PROGRAM COORDINATOR). ASHLEY WALKER, PETE 
BROOKS AND JONATHAN DOWSETT (HAER CONTRACT 
ARCHITECTS) GENERATED VESSEL DRAWINGS. JET 
LOWE AND RENEE BIERETZ (HAER PHOTOGRAPHERS) 
CREATED LARGE FORMAT PHOTOGRAPHS. J. 
LAWRENCE LEE, HAER ENGINEER HISTORIAN, WROTE 
THE TECHNICAL DESCRIPTION OF THE SHIP'S UNIQUE 
SYSTEMS, AND BRIAN CLAYTON, HAER CONTRACT 
HISTORIAN, UPDATED THE HISTORICAL REPORT TO 
INCLUDE POST-I990 OPERATIONS. A SPECIAL THANKS 
fy 9 Bay DD By TO ERHARD KOEHLER (U.S. MARITIME 

jf 4 ADMINISTRATION) FOR HIS EXTENSIVE ASSISTANCE 
AND SUPPORT FOR THIS PROJECT, ALONG WITH HIS 
GRACIOUS HOSPITALITY. 


WASHINGTON 


caves nine ainamienenintennoing ponent 


HAER MARITIME 
RECORDING PROGRAM 
NATIONAL PARK SERVICE 
UNITED STATES DEPARTMENT OF THE INTERIOR 


CUTAWAY DIAGRAM OF PROPULSION SYSTEM FOR NUCLEAR SHIP SAVANNAH, CIRCA 1958 (IMAGE OBTAINED FROM U.S. MARITIME ADMINISTRATION) 


SCANNED FROM HISTORIC DRAWINGS AND REFORMATTED BY: ASHLEY T. WALKER AND JONATHAN DOWSETT, 2007 
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A. CONTROL ROD 
NOZZLE SEAL 


UPPER GRID PLATE 


NS Savannah Nuclear 
Reactor Core Cutaway 


DURING NORMAL OPERATION, ALL POWER USED ON 
THE SHIP ORIGINATED IN ITS PRESSURIZED-WATER 
NUCLEAR REACTOR. IN THE REACTOR'S CORE, 
NUCLEAR FISSION OF URANIUM-255 ATOMS IN 52 
FUEL BUNDLES GENERATED HEAT. CRUCIFORM 
CONTROL RODS CONTAINING BORON WERE RAISED OR 
LOWERED TO CONTROL THE INTENSITY OF THE 
CHAIN REACTION AND, THUS, THE HEAT 
GENERATED. IN A "SCRAM (EMERGENCY), THE 
CONTROL RODS WERE FULLY INSERTED BY GRAVITY 
TO STOP THE CHAIN REACTION. 


THE REACTOR CORE WAS ENCASED IN A THICK 
STEEL PRESSURE VESSEL WITH BAFFLES TO 
MANAGE THE WATER FLOW THROUGH THE CORE. 
THIS PRESSURE VESSEL WAS SURROUNDED BY A 
PRIMARY SHIELD TANK OF WATER AND A 
SECONDARY SHIELD CONSISTING OF LEAD, 
POLYETHYLENE, AND CONCRETE TO ATTENUATE 
RADIATION. 


PRIMARY COOLING WATER CIRCULATED THROUGH 
THE CORE UNDER PRESSURE, WHERE IT ABSORBED 
THE HEAT AND CONVEYED IT TO A PAIR OF STEAM 
GENERATORS THAT PRODUCED STEAM FOR THE SHIP 
IN A SECONDARY SYSTEM. THE PRIMARY COOLING 
WATER BECAME RADIOACTIVE, SO THAT SYSTEM 
WAS INSIDE THE CONTAINMENT VESSEL. THE 
SECONDARY SYSTEM STEAM/CONDENSATE DID NOT 
MINGLE WITH THE PRIMARY COOLANT, SO IT 
REMAINED FREE OF RADIATION AND COULD BE 
SAFELY CIRCULATED IN THE ENGINE ROOM. 
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THE CONTROL CONSOLE IS THE NERVE CENTER FOR THE ENGINEERING DEPARTMENT. ITS FUNCTION WAS TO 

MONITOR AND CONTROL ALL ESSENTIAL FUNCTIONS PERTAINING TO THE SHIP'S NUCLEAR REACTOR, PROPULSION 
SYSTEM, AND ELECTRICAL PLANT, INCLUDING RELATED AUXILIARY SYSTEMS. 
FUNCTIONALLY DIVIDED INTO SIX AREAS, AND MAJOR SYSTEMS ARE DISPLAYED GRAPHICALLY WITH LIGHTS AND 


THE CONTROL CONSOLE IS 


MOST CONTROL SWITCHES AND PUSH BUTTONS ARE LOCATED ON THE INCLINED, 


DESK PORTION OF EACH AREA FOR CONVENIENT ACCESS. A DUAL ROW OF ANNUNCIATORS ALONG THE TOP 
CONTAINS INDIVIDUAL ALARM LIGHTS FOR ALL IMPORTANT PARAMETERS. 


TE A a ce kane: Sn 
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DESK DESK 


Ses, 


ViEW TOWARD PORT VIEW TOWARD STARBOARD 


STARTING THE REACTOR WITH THE SET-RUN SWITCH. 


BUFFER SEALS, PRESSURIZER, AND CONTAINMENT VESSEL TEMPERATURE AND PRESSURE. 


DEACTIVATE THE REACTOR IN AN EMERGENCY. 


SCALE 3/4"= 17-0" 


THE SHAFT REVOLUTION INDICATOR. 


LEFT 45° ANGLE CORNER 
PANEL & DESK 


A. THE LEFT WING PANEL HAS THE SWITCHES, INDICATORS, AND GAUGES USED TO SET THE INITIAL, NON-CRITICAL CONTROL ROD POSITIONS PRIOR TO 


B. THE LEFT 45° ANGLE PANEL CONTAINS THE SWITCHES, INDICATORS, AND GAUGES USED FOR MANAGING REACTOR AUXILIARY SYSTEMS, INCLUDING THE 


C. THE CONSOLE'S CENTER PANEL HAS THE PRIMARY REACTOR AND PROPULSION CONTROLS, WITH THE REACTOR, PRIMARY COOLING SYSTEM, AND STEAM 
GENERATORS ON THE LEFT AND THE SECONDARY STEAM/CONDENSATE SYSTEM AND PROPULSION TURBINES ON THE RIGHT. SWITCHES ON THE LEFT HALF OF 
THE PANEL AND DESK OPERATED THE REACTOR CONTROL RODS TO SET THE POWER LEVEL. KEY CONTROL AND SAFETY SWITCHES INCLUDE (1) THE START-RUN 
SWITCH THAT ALLOWED THE REACTOR TO GO CRITICAL AND GENERATE HEAT, (2) THE FAST INSERTION SWITCH THAT PARTIALLY INSERTED THE CONTROL RODS 
TEMPORARILY TO ALLOW FINE OPERATING ADJUSTMENTS, AND (3) THE SCRAM SWITCH, THAT RAPIDLY AND FULLY INSERTED THE CONTROL RODS TO 


D. THE RIGHT-CENTER PANEL MONITORED AND CONTROLLED THE PROPULSION TURBINES, CONDENSER, AND SECONDARY CONDENSATE SYSTEM THAT MOVED THE 
SHIP. KEY CONTROLS HERE INCLUDE (4) THE ENGINE ORDER TELEGRAPH FROM THE BRIDGE, (5) THE MASTER THROTTLES FOR AHEAD AND ASTERN, AND (6) 


30° 30° 
E. THE RIGHT 45° ANGLE PANEL CONTAINS A GRAPHIC OF THE SHIP'S ELECTRICAL SYSTEM AND THE SWITCHES AND INDICATORS THAT CONTROLLED THE 
50 50 SHIP'S HOTEL SERVICES, INCLUDING MAIN ELECTRICAL BUSSES, THE STEAM-TURBINE AND DIESEL GENERATORS, AUXILIARY CONDENSERS, LOW-PRESSURE STEAM 
150 GENERATOR, AND SALT-WATER PUMPS. ADDITIONALLY, THIS PANEL MANAGED COMPRESSED AIR COMPONENTS AND THE OVERBOARD DISCHARGE VALVES. 
CENTIMETERS 


F. THE RIGHT WING PANEL HAS THE SWITCHES, INDICATORS, AND GAUGES THAT CONTROL THE GASEOUS WASTE DISPOSAL SYSTEM THAT DECONTAMINATES 
RADIOACTIVE GASES THAT CAN FORM IN THE PRIMARY REACTOR COOLING SYSTEM. THIS PANEL ALSO CONTAINS A PUSHBUTTON TO ACTIVATE THE EMERGENCY 


COOLING SYSTEM IN A PRIMARY COOLING SYSTEM EMERGENCY. 
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STEAM FOR PROPULSION, ELECTRICITY GENERATION, AND ON-BOARD 
SERVICES. CONTROL RODS INSERTED INTO THE REACTOR'S CORE 
ABSORBED NEUTRONS EMITTED BY THE FISSIONING URANIUM AS NEEDED 
TO CONTROL THE HEAT GENERATED. PRESSURIZED WATER PUMPED 
THROUGH THE CORE KEPT IT AT ABOUT 952I °F AND CONVEYED THE 


ENERGY TO THE TWO STEAM GENERATORS. 
> +~WATER 


B. PRESSURIZER: THE PRESSURIZER MAINTAINED A NOMINAL PRESSURE OF 
GASEOUS/LIQUID 


1,750 PSI IN THE PRIMARY COOLING SYSTEM TO PREVENT THIS WATER 
WASTE VENT FILTERS COOLING DEVICES TO CONTROL THE WATER LEVEL IN THE TANK AND, 


HISTORIC AMERICAN 
ENGINEERING RECORD 


SHEET 


a  - EXHAUST FROM BOILING. ACTING LIKE A SURGE TANK, IT USED HEATING AND 


HIGH PRESSURE THUS, THE SYSTEM'S PRESSURE. 
STEAM C. STEAM GENERATORS: THE LOWER PORTION OF EACH DEVICE IS A 
SHELL-AND-TUBE HEAT EXCHANGER THAT TRANSFERS THE PRIMARY 
Co RADIOACTIVE WATER COOLING SYSTEM HEAT TO THE SECONDARY STEAM/CONDENSATE WATER. 


SINCE THIS WATER IS AT A LOWER PRESSURE THAN THAT IN THE 
PRIMARY SYSTEM, IT BOILS AND RISES TO THE STEAM DRUM. THE HEAT 
EXCHANGERS WERE BUILT IN A U SHAPE TO BETTER FIT IN THE 
CONTAINMENT VESSEL (NOT SHOWN). 


D. STEAM DRUM: THE UPPER PORTION OF EACH STEAM GENERATOR IS A 
PRESSURE VESSEL CONTAINING A SERIES OF BAFFLES TO SEPARATE 
SATURATED STEAM FROM LIQUID WATER. WATER FLOWS BACK DOWN TO 
THE HEAT EXCHANGER, AND STEAM AT 462 F AND 460 PSI EXITS 
THROUGH A PIPE AT THE TOP OF THE DRUM TO DRIVE THE PROPULSION 
TURBINES AND SHIP SERVICES. CONDENSATE FROM THE CONDENSERS, 
ALSO KNOWN AS FEED WATER, ENTERS ONE END OF THE STEAM DRUM TO 
COMPLETE THE CYCLE. 


E. PRIMARY COOLANT PUMPS: TWO ELECTRICALLY DRIVEN, TWO-SPEED 
CENTRIFUGAL PUMPS IN EACH PRIMARY COOLANT LOOP MAINTAIN A 
CONTINUOUS WATER FLOW THROUGH THE SYSTEM. EACH OF THE FOUR 
PUMPS CIRCULATES 2,000 GPM AT 1,750 PSI DURING OPERATION AND 
APPROXIMATELY ONE-HALF OF THAT DURING POST-OPERATION COOL-DOWN. 


PRIMARY LOOP PURIFICATION SYSTEM COMPONENTS 


|. LETDOWN COOLERS: THESE FOUR COOLERS WERE USED TO REMOVE 
DECAY HEAT FROM THE PRIMARY COOLING WATER WHEN THE SYSTEM HAD 
TO BE DEPRESSURIZED AND OPENED FOR MAINTENANCE. DURING NORMAL 
OPERATION, THEY COOLED THE 20 GPM OF WATER ROUTED THROUGH THE 
DEMINERALIZERS TO |I0 F. 
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2. EFFLUENT FILTERS: TWO FILTERS REMOVE SOLID CONTAMINANTS FROM 
THE WATER CIRCULATED THROUGH THE PURIFICATION SYSTEM. 


5. DEMINERALIZERS: THREE MIXED-BED-RESIN DEMINERALIZERS 
OPERATING ON THE ION-EXCHANGE PRINCIPLE REMOVED DISSOLVED SOLIDS 
IN THE WATER TO PREVENT CORROSION IN THE SYSTEM. NORMALLY, ONLY 
ONE DEMINERALIZER OPERATED AT A TIME, THOUGH TWO COULD BE USED 
IF FLOWS GREATER THAN 20 GPM WERE REQUIRED. MAKE-UP WATER 
PASSED THROUGH A DEMINERALIZER AS WELL. 


LEAD 
SHIELD 


4. BUFFER SEAL SURGE TANK: THIS IS A RESERVOIR FOR PURIFIED 
WATER THAT WAS SUPPLIED TO THE REACTOR CONTROL ROD SEALS UNDER 
HIGH PRESSURE. ALL MAKE-UP AND PURIFIED WATER FOR THE PRIMARY 
COOLING SYSTEM ENTERED THE SYSTEM THROUGH THESE SEALS. THIS 
TANK ALSO HELD EXPANSION WATER AS NEEDED DURING REACTOR 
START-UP. 


0. GASEOUS WASTE SYSTEM: THIS SYSTEM COLLECTS POTENTIALLY 
RADIOACTIVE GASES THAT FORMED IN THE PRIMARY COOLING SYSTEM 
DURING NORMAL OPERATION. IT IS CONNECTED TO ALL MAJOR PRIMARY 
COOLING SYSTEM COMPONENTS WHERE GAS COULD FORM OR COLLECT. 


6. LIQUID WASTE STORAGE TANKS: A SYSTEM OF DRAIN PIPES 
CONVEYED ANY POTENTIALLY RADIOACTIVE LEAKAGE FROM THE PRIMARY 
COOLING SYSTEM AND AN ON-BOARD LABORATORY TO A PAIR OF TANKS. 
IF NOT OVERLY CONTAMINATED WITH SOLIDS, THIS WATER COULD BE USED 
AS MAKE-UP WATER. 


NOTE: WHILE COMPONENTAS OF THIS 

DRAWING ARE TO SCALE, THE RELATIONSHIP 

AND SPACES BETWEEN THEM ARE NOT, AND HAVE 

BEEN ALTERED TO CLARIFY THE PROCESSES SHOWN. SEE 

HAER FIELD NOTEBOOKS FOR MEASURED DRAWINGS OF SPACES AND 
COMPONENTS. ALSO SEE DRAWING TITLED "STEAM PROPULSION SYSTEM". 
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|. STEAM MANIFOLD: THIS CONVEYED SATURATED STEAM AT 462 F 
AND 460 PSI FROM THE STEAM GENERATORS TO THE ENGINE ROOM. 


2. SEPARATOR: THIS CYCLONE SEPARATOR REMOVED ANY LIQUID 
WATER FROM THE STEAM AND ROUTED IT TO THE CONDENSER, THUS 
SENDING DRY STEAM TO THE TURBINES. WATER FLOWING THROUGH 
THE TURBINES GENERATED NO POWER AND COULD CAUSE SERIOUS 
BLADE EROSION. 


5. MANEUVERING VALVE: THE PRIMARY TURBINE CONTROL, THIS SET 
OF THROTTLE AND DIRECTION VALVES METERED STEAM TO THE 
HIGH-PRESSURE TURBINE IN FORWARD MODE, OR TO THE ASTERN 
TURBINE IN ASTERN MODE. 


4. HIGH-PRESSURE TURBINE: THIS IS THE FIRST OF TWO STEAM 
TURBINES THAT FURNISHED POWER TO THE SHIP'S PROPELLER IN THE 
FORWARD MODE. TWO SIDE-BY-SIDE TURBINE CASINGS AND SHAFTS 
WERE USED TO MINIMIZE THE MACHINE'S LENGTH. 


0. CROSSOVER SEPARATOR: THIS SECOND CYCLONE SEPARATOR 
REMOVED ANY WATER FORMED DURING THE STEAM'S EXPANSION IN THE 
HIGH-PRESSURE TURBINE. 


6. LOW-PRESSURE AND ASTERN TURBINES: IN FORWARD MODE, THIS 
TURBINE RECEIVES LOW-PRESSURE STEAM FROM THE HIGH-PRESSURE 
TURBINE, EXPANDS IT A SECOND TIME, AND EXHAUSTS IT TO THE 
CONDENSER. A SEPARATE ROTOR MOUNTED ON THIS SHAFT RECEIVES 
HIGH-PRESSURE STEAM AND TURNS IN THE OPPOSITE DIRECTION FOR 
ASTERN OPERATION. 


7. CONDENSER: SEA WATER PUMPED THROUGH TUBES IN THIS UNIT 
COOLED AND CONDENSED THE TURBINE'S EXHAUST STEAM. A PAIR OF 
CONDENSATE PUMPS PUMPED WATER FROM THE CONDENSER’'S HOT 
WELL THROUGH AN AIR EJECTOR, THE LOW-PRESSURE FEEDWATER 
HEATER, AND INTO A DEAERATOR. 


8. AIR EJECTORS: THESE DEVICES PULLED A VACUUM ON THE MAIN 
AND AUXILIARY CONDENSERS TO MAXIMIZE THE PRESSURE 
DIFFERENTIAL ACROSS THE TURBINES. THEY ALSO HELPED REMOVE AIR 
AND OTHER NON-CONDENSIBLE GASES FROM THE STEAM. 


9. LOW-PRESSURE FEEDWATER HEATER: THIS TUBE-AND-SHELL HEAT 
EXCHANGER IS THE FIRST OF THREE FEEDWATER HEATERS IN THE 
SECONDARY LOOP. IT USED A SMALL AMOUNT OF STEAM EXTRACTED 
FROM THE TURBINES TO HEAT THE FEEDWATER AND IMPROVE SYSTEM 
EFFICIENCY. 


10. DEAERATOR: THE DEAERATOR SERVED TWO PURPOSES. IT WAS 
THE SECOND FEEDWATER HEATER, AND IT REMOVED AIR AND OTHER 
NON-CONDENSABLE GASES FROM THE CONDENSATE. UNLIKE THE OTHER 
HEATERS, THE DEAERATOR IS AN OPEN HEATER THAT ALLOWS THE 
CONDENSATE AND HEATING STEAM TO MIX. IT IS LOCATED IN THE 
MACHINERY CASING ABOVE THE PROMENADE DECK. 


Il. MAIN FEED PUMPS: THESE STEAM TURBINE-DRIVEN CENTRIFUGAL 
PUMPS DREW WATER FROM THE DEAERATOR AND PUMPED IT BACK TO 
THE STEAM GENERATORS AT APPROXIMATELY 500 PSI. STEAM 
EXHAUSTED FROM THE TURBINES INTO THE DEAERATOR. 


I2. HIGH-PRESSURE FEEDWATER HEATER: THIS TUBE-AND-SHELL 
HEAT EXCHANGER IS THE LAST FEEDWATER HEATER IN THE 
SECONDARY LOOP. IT USED A SMALL AMOUNT OF STEAM EXTRACTED 
FROM THE MAIN STEAM LINE. 


15. CONDENSATE RETURN: THIS PIPE CONVEYED CONDENSATE BACK TO 
THE STEAM GENERATORS. 


I4. TAKE-HOME MOTOR: THIS 75SQ0-HP, REVERSIBLE ELECTRIC MOTOR 
WAS INSTALLED TO ASSURE SOME PROPULSIVE POWER FOR THE SHIP IN 
THE EVENT OF A MAJOR REACTOR OR STEAM SYSTEM MALFUNCTION. 
ITS POWER CAME FROM THE SHIP'S EMERGENCY DIESEL GENERATORS. 
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iy NS Savannah Ship Stabilization System 
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THE SAVANNAH WAS FITTED WITH A SPERRY GYROFIN STABILIZER, ONE OF THE EARLIEST FIN 
STABILIZER SYSTEMS INSTALLED IN AN AMERICAN MERCHANT SHIP. IN HEAVY SEAS, THE PORT AND 
STARBOARD FINS LOCATED NEAR MID-SHIP WERE DEPLOYED, OR RIGGED, AND A GYROSCOPIC 
CONTROL UNIT ON THE BRIDGE SENSED THE SHIP'S ROLL. SIGNALS FROM THE CONTROL UNIT CAUSED 
HYDRAULIC ACTUATORS TO CONTINUALLY ADJUST THE ANGLE OF THE PORT AND STARBOARD FINS 
IN OPPOSITE DIRECTIONS TO COUNTERACT THE ROLL. WHILE NOT PERFECT, THESE STABILIZERS 
REDUCED THE SHIP'S ROLL BY 60 PERCENT OR MORE, PARTICULARLY WHEN THE SHIP STRUCK 
WAVES AT AN OBLIQUE ANGLE. THE FINS WERE STOWED IN CALM SEAS TO REDUCE DRAG AND IN 
PORT TO PREVENT DAMAGE BY ROTATING THEM INTO RECESSES IN THE HULL. 


YDRAULIC PUMP 


FLAP ACTUATION 
CYLINDER 


2 
HULL OPENING 


RETRACT/DEPLOY 
CYLINDER 


FLAP 
(MOVABLE) 


FIN (FIXED) 


STABILIZER FIN DETAILS (DEPLOYED POSITION) SCALE: %"=1'0" 
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2. FIN IN RIGGED POSITION 
A HYDRAULIC CYLINDER ROTATED THE FIN INTO 


ITS DEPLOYED, OR RIGGED, POSITION, WHERE ui 
TWO OTHER CYLINDERS POSITIONED PINS TO LOCK | 
THE FIN IN ITS ACTIVE POSITION. SENSORS 

ILLUMINATED LAMPS IN BOTH THE PILOT HOUSE WATERBURY PUMP ZA] 


AND THE CONTROL ROOM TO INDICATE THE FIN 
|. FIN IN STOWED POSITION POSITION. THE FIN STOWED AND RIGGED AT O° 


EACH FIN'S MOVEMENT INTO STOWED OR RIGGED ANGLE OF ATTACK. 
POSITION WAS CONTROLLED FROM A LOCAL 

PANEL NEAR THAT FIN. WHEN NOT NEEDED, THE 

FIN REMAINED STOWED IN A RECESSED POCKET 


MARYLANDI 22° 31 


LINK 
IN THE HULL. A LOCKING PIN POSITIONED BY A CAST STEEL 
HYDRAULIC CYLINDER SECURED THE FIN IN RISCING FIN SHAFT 
PLACE. ipoke 
RIGGING CYLINDER z 
SS, 
LOCAL % 
CONTROL CRANK ARM 
PANEL (18-3/4" STROKE) hae 


LINK 
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4. FLAP OPERATION 

THE TRAILING EDGE OF THE FIN WAS EQUIPPED 
WITH A HINGED FLAP TO MINIMIZE DRAG 
THROUGHOUT THE FIN'S RANGE OF ROTATION. 


CANTON TERMINAL (TEMPORARY LAYOVER) 


NUCLEAR SHIP SAVANNAH 


STOWING Lock 
5. STABILIZER OPERATION 


SLIPPER ONCE IN RIGGED POSITION AND ACTIVATED FROM IT WAS CONNECTED TO THE FIN BY A SLIPPER 
SS 
a LINK THE BRIDGE, THE ele SYSTEM OPERATED LINK AND ARM SO THAT THE FLAP REMAINED 
gg PEO EBLE Ys <0 RO SCeRE Ane NEARLY HORIZONTAL REGARDLESS OF THE FIN'S 
| ACCELEROMETERS IN THE CONTROL CONSOLE ON ANGLE OF ATTACK. THIS REDUCED 
Ns THE BRIDGE CONTINUOUSLY SENSED THE SHIP'S DRAG-CAUSING TURBULENCE AS WATER PASSED 
\._| ROLLING MOTION. FROM THESE INPUTS, THE OFF THE FIN'S TRAILING EDGE. POSITIONED 
CONTROL SYSTEM DETERMINED TRE FIN ANGLE MECHANICALLY AS THE FIN ROTATED, THE FLAP 
NEEDED TO COUNTERACT EACH WAVE-INDUCED DID NOT NEED A HYDRAULIC ACTUATING 
FIN TILT Lock ROLL AND SENT ELECTRIC SIGNALS TO THE FIN. CYLINDER. 


THESE SIGNALS OPERATED A VARIABLE 
DISPLACEMENT HYDRAULIC PUMP THAT 
POSITIONED THE TILT CYLINDER TO SET THE 
FIN'S ANGLE OF ATTACK. MECHANICAL LINKS 
PROVIDED ACTUAL POSITION FEEDBACK. THE FIN 
WAS CAPABLE OF ROTATING +25°, BUT UP TO 
+162 WAS TYPICAL. WITH A SHIP SPEED OF 20 
KNOTS, EACH FIN COULD GENERATE A VERTICAL 
RIGHTING FORCE UP TO 7/0 TONS. 
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1.0 NOTE: THIS DRAWING DEPICTS ONLY THE STARBOARD STABILIZER FIN; Stabilizer Fins 
1.0 METERS PORT FIN ARRANGEMENT AND OPERATION IS THE SAME BUT MIRRORED Location 
ALONG THE SHIP CENTERLINE. SEE SHEETS 23 TO 31 FOR DIAGRAMMATIC 

REPRESENTATIONS OF THE ENTIRE SHIP STABILIZER SYSTEM. 
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